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Integrated stratigraphic approach for enhancing the efficiency of
domestic resources exploration and development

+ ¢! % (In-Chang Ryu)*
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Abstract : Prospecting for energy and mineral resources is essential kind of public fundamentals that manage the nation's
economy. Most explorations in the past were concentrated in the simple structural traps in relatively shallow depth. Due to
their vast exploitation, recent history has shown that the emphasis in explorations has steadily shifted toward the subtle
stratigraphic traps in deeper level. Increasing exploration for the subtle stratigraphic traps in deeper level requires precise
correlation and assessment of deeply buried strata in the basin. However, the descriptive stratigraphic principles used for
evaluation of the simple structural traps are limited to delineate the subtle stratigraphic traps in deeper depth. As this
occurs, it is imperative to establish a new stratigrtaphic paradigm that allows a more sophisticated understanding on the
basin stratigraphy. This study provides an exemplary application of integrated stratigraphic approach to defining basin
stratigraphy of the Middle Ordovician Taebacksan Basin and the Cretaceous South Yellow Sea Basin, Korea. The
integrated stratigraphic approach gives much better insight to unravel the stratigraphic response to tectonic evolution of the
basins, which can be utilized for enhancing the efficiency of resources exploration and development in the basins. Thus,
the integrated stratigraphic approach should be considered as a new stratigraphic norm that can improve the probability of
success in any type of resources exploration and development project.

Key words : Exploration, Integrated stratigraphy, Basin history, Taebacksan Basin, South Yellow Sea Basin
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Fig. 1. Geologic map of the Taebacksan Basin. The study areas include
northwestern (Yemi area) and southeastern (Dongjeom area) limbs
of the Backunsan Syncline. Abbreviations in the index map: IB =
Imjingang Belt; KM = Kyonggi Massif; TB = Taebacksan Basin;
OB = Ogcheon Basin; YM = Yongnam Massif; KB = Kyongsang
Basin.
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Fig. 2. Lithostratigraphic nomenclature of the Cambro-Ordovician Joseon
Supergroup, Backunsan Syncline (Cheong, 1969).
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Fig. 3. Detailed geologic maps of the study areas. A) Yemi area and B)
Dongjeom area. Asterisk indicates the occurrence of paleokarst-
related solution-collapse breccias in the upper Maggol Limestone.
Note the occurrgnce of siliciclastic quartzite lenses and the Yemi
Breccia near west of Yemi, which are interpreted as a coeval off-
platform lowstand systems tract.
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Fig. 4. Simplified columnar section of the middle and upper Maggol Limestone and the overlying Jigunsan Shale at Dongjeom area. On the basis of the systematic
changes in stacking pattern of meter-scale fourth-order cycles, the middle and upper Maggol Limestone can be subdivided into five distinct units (I to V).
Two transgressive-regressive cycles are recognized in the units I to IV. The overlying unit V is a stack of subtidal fourth-order cycles. Each boundary of T-
R cycles represents a major marine-flooding surface. Note the 4:1 bundling of fifth-order cycles within fourth-order cycles. Abbreviations: MFS = major
marine-flooding surface; Min AZ = Minimum Accommodation Zone; Max AZ = Maximum Accommodation Zone; TST = transgressive systems tract;

HST = highstand systems tract.
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Conodont biostratigraphy indicates that the Lower to Middle Ordovician chronostratigraphic boundary lies between the unit I and the unit ITI. Also, the
boundary between the unit IV and the unit V may be coincident with the Sauk-Tippecanoe sequence boundary of Sloss (1963). Conodont data from Lee
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Fig. 6. Temporal correlation of the global sea level change with the subaerial
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exposure event coincides with the second-order relative sea level drop
during the early Middle Ordovician. The second-order global sea level
cruve from Vail et al. (1977).
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Fig. 7. Vertical variations of total organic carbon, mineral carbon contents, and clay minerals of the Jigunsan Shale in the study area.
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Fig. 11. Location of the Cretaceous basins in the Korean Peninsula.
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Fig. 15. Correlation diagram of the Tertiary Cheju Basin by lithologic, paleontologic, and seismic data. Note the crosscutting correlation lines between JDZ V-3
and JDZ V-1. After Kwon et al. (1995).

many academic and industrial interfaces

) & ) Local
Global (Korea)
- o
£
=
;,5 — 2000 2000 —
:
&
E - Fluid Inclusions ﬁ':r’]‘f‘“
- Petrography oaeing "
1996 - Clay Minerals [rrsessssescesns > 1996 — ‘%
g - Geochems 3
g - tsot : [
‘g Lithostratigraphy I Biostraﬁgraphy[ lﬁagnetostratigra;uhy
i/ M/
Fig. 16. Diagram showing the developing stage of the integrated stratigraphy technology.
FEAY AR BRE s AT pgE AAAD S 9 shdop & ot
= /EE Zlgko} FHepd Aefolnt. wekk, B3 FAM Ves =
el 52 A5 A=A Agean 2 Hdez o & H N
= =Y 2SR RE FSHS AR A T
A9 B AL} Age) G SNk 308 sl g5 F ouix) B FBAAY WAL F7PEGe] ol ArjHe

W -8 A gAE AR AFES 2oVl A% eEs 3R 2 a3 229 7ukile) et} 2y o Eo 235



38 A%

A 2] FARG iR Aol B33l g R EYE
o AFH ghon, o]59] 7] MLE Qste] Hx} 4R £
sk 2 EY F ulA 34 ERES/ER] BRI s
AUk ole AR ERES EHFoE s W7) Hsixe
FA2 HA FA s Erle] ol o]F ko= o ¥4 U
HHZE HE o] a7HT e dFoltt 4 Ul HH
9 AY ML 2 Bt 5gFHeR dAsY S 7] A
Hozwk Agsle] G 7|EY 7|AF A dEEEE £V
sk, 19906 o] F T At &3F S EteL} o uf
2ol Bolot AMEA A7) AR 53 B4 71Ey
Yol MaE|oj ol gho] shgslt.
5 A 7S S $F 53 BA” gl 24 59
W LowHA F7] HAZ ’é‘ﬁ’g‘—i g3 & A3}, X
7+ tfulel] Qlox 712e] Z1AA FA41 A 2g §F mdd
H|al B} AAF] ARe mdo] AU M2 HA
g2 Al el BX e owH|A F] HAZ g A g
Ab BOERR S RS ] ket oA BRE) FA
A FHoE mol A 4 glom Bl B9 AR BRI
o B4 A Bl 889U, oE ’\}‘1’3-4 GAL ATE
£ Foletl 719E + Ut B3 U iEE ouxixpd &
7Fe/d H7HE A% B4 4 Az @ 55 ”ﬂsﬂ -T‘X]
T A 7o) HEE7] AFslRen FF S S o
A gAE B 7H‘”"}‘§«] BEFES woled /A8 Aoz A
et okgE Sl EE AR BAF B AR Rk
o] ofe} MY ofiAlde R FEWNT Qe 7t FIHE (gas
hydrate) L EA54 712 (basin-centered gas) & ML A}
AES 8 e Jigolgte A oM BE A4 71ed]

lﬁi

{1 ol off _l% OlN'

[e]

2, 18 o

HJ

e

~—

%-8790] 7FzEolRo} ).
A} At
E =72 20008 EA2A A 213d J1E AR ©

Ab 2o ShubR s R EREgd 25 7R =5 S
3 H4 A Mg 93 T 24 Vs A8 AT E
A HHT ALE WY B =% 5 A A BER 9E
& B2 B4 Ag5EL 200048 FFA/ZAL 1A 77
gty A EAJATAE L F522 F3% dF RuMel
St 2Tz W A8 B sPeA A7l BEH
Atk B AEEE AFIL =F RS S FA =2
FraAl 71ed AYA ZAE-T, B3 =2 AAERAIE A4
3 AR AMAQ BHS iFA o] ArREA A=
o, o}gd, A dEe HE FE 9 4715 240 =%
< FA IR ANLATY EEFuAE ) AR A AL
)

rok

HDE

AG, vrakr, /4, £, 1995, AFERA] A7) $459 F
. FRAFARDAA, 3, 1-15.

AEE, AG2, 1970, 284 §-22 X535 o] Z=H IS o)
sl A EkE)A] | 6, 213-220.
vk, a2, A9E, dA99, f52, AHR, oAF, Bgs, %

A, oled, fA, S35, ¥4, °l°é‘-7—, A, 1997,
AEA MEAG e Hfard Frh AT = J‘?“;?i ﬁ:ﬂ?‘_
324 KR-97(C)-17, p.3-190. ‘

A1, AR, AN, BFF, 1997a, 4F @ A X B
e HE7] B9Ee SAel i And AFeHA], 33, 78-
86.

T, =A4A, HAF, 1997b, 3 2o wu)Ay] HEA gkl

Wkl gak Zieek Aol 2 2AE =94, AR, 33,
234-243.

&3, olds, o1d, ol9¥, 2000, Eas] A AEFA A7, 3
=3 A S RIA.

olsld, o}FH, 1971, ZU% AT A2 228 AT
o] IxEE M 9] SA3RE 99, NAEFR], 7, 89-
101.

s, oy, AT, A7NE, AYE, 1973, @] AR AF

= flffi éA} At A&, R-73-51, 68p.

Armentrout, J. M., 1996, High resolution sequence biostratigraphy:
examples from the Gulf of Mexico Plio-Pleistocene, In: Howell, J.
A. and Aitken J. F. (eds.), High resolution sequence stratigraphy:
innovations and applications. Geological Society of London Special
Publication 104, 65-86.

Chang, K. H,, Filatova, N. L. and Park, S. O., 1999, Upper Mesozoic
Stratigraphic Synthesis of Korean Peninsula. Economic and
Environmental Geology, 32, 353-363.

Cheong, C. H., 1969, Stratigraphy and paleontology of Samcheog
coalfield, Korea (1). Journal of the Geological Society of Korea, S,
13-56.

Choi, H. 1., 1986, Sedimentation and evolution of the Cretaceous
Gyeongsang Basin, southeastern Korea. Journal of Geological
Society London, 143, 29-40.

Chun, S. S. and Chough, S. K., 1992, Tectonic history of Cretaceous
sedimentary basins in the southwestern Korean Peninsula and
Yellow Sea. In: Chough, S. K. (ed.) Sedimentary Basins in the
Korean Peninsula and adjacent seas, Special Publication of the
Korean Sedimentology Research Group, p.107-123.

Ethington, R. L. and Clark, D. L., 1981, Lower and Middle Ordovician
conodonts from the Ibex area western Millard County, Utah.
Bingham Young University, Geology Studies, 28, 1-60.

Fang, T. C,, Xia, T. L. and Liu, H. L., 1979, Paleontological stratigraphy.
Geological Press, Beijing, 308p. (in Chinese).

Hyeong, K. S., 1990, Depositional environments of the Duwibong
Formation (Late Ordovician). Unpublished MS thesis, Seoul
National University, Seoul, Korea 140p.

Katz, B. J. and Pratt, L. M., 1993, Source rocks in a sequence
stratigraphic framework. American Association of Petroleum
Geologists Studies in Geology 37, 247p.

Kerans, C., 1993, Description and interpretation of karst-related breccia
fabrics, Ellenburger Group, West Texas, In: Fritz, R. D., Wilson, J.
L. and Yurewicz, D. A., (eds.), Paleokarst related hydrocarbon
reservoirs. Society of Economic Paleontologists and Mineralogists
Core Workshop 18, 181-200.

Knight, 1., James, N. P. and Lane, T. E., 1991, The Ordovician St.
George Unconformity, northern Appalachians: The relationship of
plate convergence at the St. Lawrence Promontory to the Sauk/

[¢



S A BA 2 el a8 SUE A% 51 34 e 39

Tippecanoe sequence boundary. Geological Society of America
Bulletin, 103, 1200-1225.

Kobayashi, T., 1966, Stratigraphy of the Chosen Group in Korea and
South Manchuria and its relation to the Cambro-Ordovician
formations of other areas, Section A, The Chosen Group of South
Korea. Journal of Faculty and Science, University of Tokyo, 16, 1-
73.

Lee, H. Y., 1976, Conodonts from the Maggol and Jeongseon Formation
(Ordovician), Kangweon-Do, South Korea. Journal of the
Geological Society of Korea, 12, 151-181.

Lee, K. W. and Lee, H. Y., 1990, Conodont biostratigraphy of the Upper
Choseon Supergroup in Jangseong-Dongjeom area, Gangweon-do.
Journal of the Paleontological Society of Korea, 6, 188-210.

Lee, Y. I, 1988, Storm sedimentation in the Middle Ordovician
Duwibong Formation, southern Taebaeg city. Journal of the
Geological Society of Korea, 24, 234-242.

Loutit, T. S., Hardenbol, J., Vail, P. R., and Baum, G. R., 1988,
Condensed section: the key to age determination and correlation of
continental margin sequence, In: Wilgus, C. W., Hastings, B. S.,
Kendall, C. G. St. C., Posamentier, H. W., Ross, C. A. and Van
Wagoner, J. C., (eds.), Sea Level Change: An integrated approach.
Society of Economic Paleontologists and Mineralogists Special
Publication, 42, 183-213.

Paik, I. S., 1985, Evaporite mineral casts in the Maggol Formation
(Ordovician), Jangseong, Kangweondo. Journal of the Geological
Society of Korea, 21, 219-226.

Paik, I. S., 1986, Dolomitization of the Middle Ordovician Maggol
Formation in Jangseong Area, Gangweondo, Korea. Journal of the
Geological Society of Korea, 22, 333-346.

Paik, 1. S., 1987, Depositional environments of the Middle Ordovician
Maggol Formation, southern part of the Baegunsan Syncline area.
Journal of the Geological Society of Korea, 23, 360-373.

Ryu, 1. C,, 2002, Tectonic and stratigraphic significance of the Middle
Ordovician carbonate breccias, Ogcheon Belt, South Korea. Island
Asrc, 9, (in print).

Seo, K. S., 2000, Biostratigraphy and conodonts from the Lower
Paleozoic sequence in the Singdongeup, Jeongseon area,
Kangwondo, Korea. Journal of Geological Society of Korea, 36,
499-516.

Sloss, L. L., 1963, Sequences in the cratonic interior of North America.
Geological Society of America Bulletin, 74, 93-114.

Vail, P. R., Mitchum, R. M. and Thompson, S., 1977, Global cycles of
relative changes of sea level, In: Payton, C. E., (ed.), Seismic
stratigraphy-applications to hydrocarbon exploration. American
Association of Petroleum Geologists Memoir 26, p. 83-98.

Van Wagoner, J. C., Mitchum, R. H., Campion, K. M. and Rahmanian,
V. D., 1990, Siliciclastic sequence stratigraphy in well logs, cores,
and outcrops: Concepts for high-resolution correlation of time and
facies. American Association of Petroleum Geologists Methods in
Exploration Series 7, 55p.

Weimer, P. and Posamentier, H. W., 1993, Siliciclastic sequence
stratigraphy - recent developments and applications. American
Association of Petroleum Geologists Memoir 58, 492p.

Wilgus, C. W., Hastings, B. S., Kendall, C. G. St. C., Posamentier, H.
W., Ross, C. A. and Van Wagoner, J. C., 1988, Sea-level changes:
an integrated approach. Society of Economic Paleontologists and
Mineralogists Special Publications 42, 407p.

Woo, K. S. and Park, B. K., 1989, Depositional environments and
diagenesis of the sedimentary rocks, Choseon Supergroup, Korea:
past, present, and future; the status of the art. Journal of the
Geological Society of Korea, 25, 347-363.

2oo1d 11€ 308 HE)



